Consensus is lacking about the clinical importance of aortic root dilatation in assessment of the risk of cardiovascular disease. In this study, correlations between aortic root diameter and echocardiographic features of left ventricular (LV) diastolic function were investigated in 333 patients with at least one cardiovascular risk factor (hypertension, diabetes or dyslipidaemia) and preserved LV systolic function. Aortic root diameter was measured by M-mode echocardiography, and LV diastolic function was evaluated by measuring the peak velocity of early (E) and late (A) diastolic transmitral blood flow and peak early diastolic mitral annular velocity (E′) by Doppler echocardiography. Linear regression analysis showed that, in men, age was not related to aortic root diameter but hypertension and LV hypertrophy were, whereas the converse was true in women. The parameters E, E/A ratio and E′, were related to aortic root diameter in both sexes. Stepwise multiple regression analysis confirmed that E in women and E′ in men were independently associated with aortic root diameter. It is concluded that aortic root dilatation might be a useful marker of subclinical LV diastolic dysfunction. Patients with preserved systolic function showing aortic root dilatation should, therefore, be given preventative therapy against LV diastolic heart failure.
Introduction
Some studies have demonstrated that aortic root dilatation probably reflects the effects of hypertension and atherosclerosis. 1, 2 By contrast, others have found no differences in aortic root diameter between hypertensive and normotensive individuals after adjustment for age and body size. 3 -5 Consensus is lacking on the underlying mechanisms and clinical importance of H Masugata, S Senda, K Murao et al. Aortic root dilatation as a marker of left ventricular heart disease aortic root dilatation in cardiovascular disease. Several studies have suggested that it could be a useful marker of target organ damage, including left ventricular hypertrophy, carotid atherosclerosis and micro albuminuria in hypertensive patients. 6, 7 In addition, aortic root dilatation is frequently associated with raised cardiovascular mortality. 1, 8 Clarification of the clinical relevance of aortic root dilatation in patients with cardiovascular risk factors, including hypertension, diabetes and dyslipidaemia is important. The present study was, therefore, carried out to investigate associations between aortic root diameter and various clinical and echocardiographic factors in patients with cardiovascular risk factors.
Patients and methods

PATIENTS AND PROTOCOL
Patients diagnosed at Kagawa University Hospital, Japan, as having at least one of the following three cardiovascular risk factors, hypertension, diabetes mellitus, or dyslipidaemia, classified according to the guidelines of the Japanese Society of Hypertension, the Japan Diabetes Society and the Japan Atherosclerosis Society, 9 -11 respectively, were eligible for inclusion in the study. Patients with a history of heart failure or obvious heart disease were excluded.
Hypertension was defined as a systolic blood pressure ≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 mmHg. Blood pressure was measured by the conventional cuff method at the time of echocardiographic examination. The patients' age, height and weight were also recorded at that time.
The protocol for this study was approved by the Ethics Committee of Kagawa University, Kagawa, Japan, and written informed consent was obtained from all participants.
ECHOCARDIOGRAPHIC EXAMINATIONS
Examinations were performed by M-mode echocardiography and Doppler imaging with the Vivid 7 system (GE Healthcare, Horten, Norway) to assess cardiac structural changes and cardiac function.
M-mode echocardiography
The following aortic and left ventricular structural parameters were first measured by M-mode echocardiography: interventricular septal thickness, left ventricular end-diastolic and left ventricular end-systolic dimensions, and left ventricular posterior wall thickness, all at the chordae tendineae level; the endsystolic left atrial dimension; and the aortic root diameter at the level of the sinuses of Valsalva. Left ventricular mass was calculated according to the American Society of Echocardiography convention 12 with the formula, left ventricular mass = 0.80 (1.04 × [PW + VS + LVDd] 3 -LVDd 3 ) + 0.6, where PW denotes posterior wall thickness, VS denotes interventricular septal thickness and LVDd denotes left ventricular end-diastolic dimension. From this, left ventricular mass index, which reflects left ventricular hypertrophy, was calculated as left ventricular mass divided by body surface area. Left ventricular ejection fraction was estimated by Teichholz's method 13 and a threshold of < 55% was used to indicate left ventricular systolic dysfunction.
Doppler imaging
Conventional Doppler echocardiography was used to record the velocity of transmitral blood flow in order to assess left ventricular diastolic function. 14, 15 This was recorded from the apical transducer position, with the H Masugata, S Senda, K Murao et al.
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sample volume situated between the mitral leaflet tips. The peak velocity of early transmitral blood flow (E) and the peak velocity of late transmitral blood flow (A) were recorded, and the E/A ratio was calculated.
Finally, tissue Doppler echocardiography, 16 which measures the velocities created by movement of the regional cardiac wall, was performed by activating the tissue Doppler echocardiographic function in the Vivid 7 system. Mitral annular velocities were recorded from the apical window. Sample volumes were located at the septal site of the mitral annulus. Peak early diastolic mitral annular velocity (E′) was measured over three cardiac cycles and the mean was calculated. 17 -19 The parameters obtained from tissue Doppler echocardiography were also analysed as parameters of left ventricular diastolic function.
STATISTICAL ANALYSES
Data are expressed as the mean ± SD. Statistical analysis was performed using the SPSS ® software package (SPSS Inc., Chicago, IL, USA). Linear regression analysis was performed to evaluate correlations between aortic root diameter and the various clinical and echocardiographic variables, and stepwise multiple regression analysis was used to assess independent correlations. Values of P < 0.05 were taken to indicate statistical significance.
Results
In total, 333 patients (190 men, 143 women; mean ±SD age 66 ± 12 years, range 31 -96 years) diagnosed at Kagawa University Hospital, Japan, as having at least one of the three cardiovascular risk factors of hypertension, diabetes mellitus or dyslipidaemia, were included in the study.
None had a history of atherosclerotic cardiovascular disease or stroke.
CLINICAL AND ECHOCARDIOGRAPHIC CHARACTERISTICS
Comparisons of clinical and echocardiographic parameters between the male and female patients are summarized in Table 1 . Mean age did not differ between men and women, but men had a significantly larger body size (height and weight; P < 0.001). The prevalence of hypertension, diabetes and dyslipidaemia did not differ between the genders.
Aortic root diameter was significantly larger in men than in women (P < 0.001). Values for all left ventricular structural parameters were significantly greater in men than women (P ≤ 0.032; Table 1 ). With respect to left ventricular functional features, the absolute values of E and A were significantly higher in women than men (P < 0.001), but E/A ratio and E′ did not differ between the two groups.
LINEAR REGRESSION ANALYSIS
Correlations between aortic root diameter and the clinical and echocardiographic characteristics, determined by linear regression analysis, are shown in Table 2 . Aortic root diameter was not significantly correlated with age in men, but was in women (P = 0.001). For hypertension, a significant correlation was seen with aortic root diameter in men (P = 0.001) but not in women. With respect to left ventricular structural parameters, aortic root diameter was significantly correlated with left ventricular hypertrophy in men (P = 0.001) but not in women. With respect to parameters of left ventricular diastolic function, significant inverse correlations were seen for men and women for E, E/A ratio and E′.
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STEPWISE MULTIPLE REGRESSION ANALYSIS
Stepwise multiple regression analysis, carried out to identify which clinical and echocardiographic characteristics were independently associated with aortic root diameter, indicated that E′ was independently associated with aortic root diameter in men (β coefficient = -0.311, F = 19.115, r 2 = 0.096, P < 0.001), and that E (β coefficient = -0.227, P = 0.007) and age (β coefficient = 0.211, P = 0.012) were independently associated with aortic root diameter in women (F = 8.859, r 2 = 0.117, P < 0.001).
Discussion
The present study has suggested that: (i) in men, age was not related to aortic root diameter but hypertension and left ventricular hypertrophy were; (ii) in women, the converse was true and age was related to aortic root diameter but hypertension and left ventricular hypertrophy were not; (iii) left ventricular diastolic functional parameters, including E, E/A ratio and E′, Data presented as mean ± SD unless stated otherwise. LV, left ventricular; IVS, interventricular septal thickness; PW, posterior wall thickness; ES, end-systolic; ED, end-diastolic; LVMI, left ventricular mass index; LA, left atrial; EF, ejection fraction; E, peak velocity of early diastolic transmitral blood flow; A, peak velocity of late diastolic transmitral blood flow; E′, peak early diastolic mitral annular velocity; NS, not statistically significant (P > 0.05).
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were related to aortic root diameter in both sexes.
Previous studies 6, 7 have demonstrated that left ventricular hypertrophy is the main independent predictor of aortic root dilatation in hypertensive patients. The data from the present study support this association in men, but also suggest that aortic root dilatation may be a useful marker of left ventricular diastolic dysfunction, as it was seen in both men and women. Left ventricular diastolic dysfunction as measured by the E/A ratio is known to be a marker of increased risk of cardiovascular events in hypertensive patients. 20, 21 Just as some previous studies have demonstrated that aortic root dilatation is frequently associated with higher cardiovascular mortality, 1, 8 this feature might also predict cardiovascular events in patients with cardiovascular risk factors.
The precise mechanisms of the observed differences between men and women in the association between aortic root diameter and various clinical and echocardiographic parameters could not be determined in the 24 -26 are, however, known to lead to left ventricular diastolic dysfunction by increasing left ventricular wall thickness and interstitial fibrosis, which suggests an association between aortic root dilatation and left ventricular diastolic dysfunction in both sexes.
In conclusion, the effects of hypertension and ageing on aortic root dilatation may differ between men and women with cardiovascular risk factors. Aortic root dilatation may, however, be a useful marker of subclinical left ventricular diastolic dysfunction regardless of these differences. Preventative therapy should, therefore, be considered in patients with aortic root dilatation and preserved systolic function to prevent left ventricular diastolic heart failure.
